Urban access to piped water is low in many regions of the world: 33% in Sub-Saharan Africa, 51% in South-Eastern Asia, 56% in Southern Asia (WHO/UNICEF, 2015) . Piped water access is often available only intermittently, meaning, water flows through sections of the piped network for a few hours a day a few days a week. In 2000 the World Health Organization (WHO) estimated that over one third of the urban water systems in Africa and Latin America and over one half of the systems in Asia operated intermittently (WHO/UNICEF, 2000) . At least 309 million people in the world access an intermittent water supply (IWS), according to the International Benchmarking Network (IBNET) database, but the real number could be more than twice this (Kumpel & Nelson, 2016) . Many cities in Asia and Africa, India included, are converting, or considering converting, at least some intermittent systems to continuously supplied systems. In India, at least, the conversion to continuous (or ''24Â7") systems has been controversial; critics have argued that such upgrades will benefit consultants and construction companies but may be unaffordable for the poor.
Although continuous water supply (CWS) is associated with improved water quality (Kumpel & Nelson, 2013) and improved health outcomes (Ercümen et al., 2015) when compared with IWS, the economic impacts of a conversion from IWS to CWS have not previously been assessed in the research literature. We present here a comprehensive socio-economic evaluation of an upgrade from IWS to CWS of a World Bank (WB) financed pilot project in Hubli-Dharwad, India. We focus on users' net benefits in terms of time spent and cash expenses incurred on account of their drinking water supply, as reductions in these are a major reason for proposing such upgrades. We discuss the distribution and affordability of these benefits; we also discuss what these results imply for the potential for scale-up of these benefits. Unaffordable tariff increases for low-income households, disconnection due to nonpayment among marginalized groups and insufficient supplies for scaling up the higher levels of service are all possible in demonstration projects that yield overall benefits.
This study is the first that we are aware of to compare the users' costs and benefits, and the distribution of those benefits over socio-economic strata, for an upgrade from IWS to CWS within one urban conglomeration. Our evaluation is based on a matched-cohort quasi-experimental study in which we compared eight CWS wards (administrative units of the city) to eight matched wards that remained on IWS (Section 2). Our methods include direct and participant observations, four rounds of surveys with a panel of $4000 households over 15 months, and extensive document analysis (Section 3). We conduct simple parametric averaging and econometric modeling of the average changes in household coping costs, water bills and monthly water use after the upgrade to CWS; we also analyze how these changes are distributed across wealth quintiles (Section 4). We estimate the net present value (NPV) of the upgrade to the water system overall and by wealth quintile, to see if the investment costs of the upgrade justified the benefits from the utility's perspective (Section 5). We end with a discussion of what our results imply for continuous water supply in urban India, and potentially beyond.
Background

IWS in India and the decision to upgrade urban piped water services
In India alone, over 150 million people are served by intermittent piped water systems, and no large metropolitan area has completely converted to CWS. Most cities in India report water availability of approximately four hours per day, while several deliver water only once every 5-10 days (Ahluwalia, 2011; McKenzie & Ray, 2009 ). Households must therefore expend time and money to wait for, collect, store, and possibly treat their water between deliveries; such activities are collectively referred to as 'coping costs.' The very term implies that intermittency is just a temporary infraction, though intermittent and unreliable water services are the norm for the majority of urban Indians.
Improved water services can have a positive economic impact on households through savings in time, money or a combination of the two. In Kathmandu, (Pattanayak, Yang, Whittington, & Bal Kumar, 2005) observed that collecting water was primarily a time expenditure and (according to their estimates) represented 45% of total coping costs, valued at $1% of household income, on average. They also observed that the highest income quintile had the highest coping costs, but time expenditures as a proportion of total coping costs were much larger in lower-income households (Pattanayak et al., 2005) .
Zérah (2000) observed many strategies for coping with unreliable water supply: collecting, pumping, and storing, as well as reusing water, rescheduling activities, household water treatment, complaining to the utility, and even moving to a new location. Her study in Delhi found that coping costs represented up to 15.7% of monthly income in low-income households, and 1.4% in higher income households, indicating that even when absolute costs are lower in low-income households, concerns about the equity of access under IWS remain (Zérah, 1998 (Zérah, , 2000 .
For an urban water utility, making a major upgrade in order to alleviate coping costs is never a straight-forward decision: net economic benefits, impacts on water quality, health and equity of access across income groups must all be considered. In addition, the sustainability of the upgrades depends on the management of available supplies, given hydrological limits today as well as in the future. Finally, upgrading systems to 24Â7 water, as CWS is often called in India, requires heavy upfront investment and a large increase in the operations and maintenance budget of the managing water utility (Vairavamoorthy, Gorantiwar, & Pathirana, 2008; Dutta, Chander, & Srivastava, 2005) .
Whether, where, and how to upgrade urban water services to 24Â7 is a hotly debated public policy question in India. Proponents argue that decreased coping costs will help all residents, especially the poor, while critics voice concern that increased prices will put up barriers to access, especially for the poor (Dasgupta & Dasgupta, 2004; Saleth & Sastry, 2004; Sangameswaran, Madhav, & D'Rozario, 2008; World Bank & Ministry of Finance, Government of India, 2013) . Proponents have also argued that water quality will deteriorate less in a continuously pressurized piped system, and that less water will be wasted because, in an intermittent regime, water is stored between supply days and then thrown away in favor of fresh water (McIntosh, 2003; Galaitsi et al., 2016) . Other studies have argued that consumption will increase with higher water availability (Andey & Kelkar, 2009) , and that under supplyconstrained circumstances very little water, in fact, is thrown away (Kumpel, Woelfle-Erskine, Ray, & Nelson, 2017) . These findings add to concerns that upgrades to CWS may not be sustained by the limited water supplies of urban India (Sangameswaran et al., 2008) , or by the carrying capacity of its conveyance infrastructure (Jayaramu, Burt, & Manoj Kumar, 2015) .
Water utilities and policy makers must make choices along the service quality and affordability frontier, insofar as improved services increase the utility's production costs. Understanding coping costs, and how they might change and for whom they might change after a service upgrade, allows utilities to balance benefits with costs. Time expenditure as a proportion of total coping costs is of particular importance, and assessing the impacts of conversion to CWS is complicated by disagreements on how to account for the value of time (Whittington, Mu, Roches, & STUDlY, 1989; Pattanayak et al., 2005) . Additionally, conversion to CWS may not eliminate the behaviors usually associated with 'coping': inconvenient access points or the continuation of established practices could complicate the assessment of household impacts (Burt & Ray, 2014) . On the other hand, (some) evidence suggests that higher-quality service and customer satisfaction lead to higher payment of water bills (Vásquez, 2015; Kayaga, Franceys, & Sansom, 2004) .
We evaluate a pilot upgrade from IWS to CWS in urban India, taking into account the household-and utility-level costs and benefits of the conversion, equity of access, and sustainability now and after a planned scale-up. We use the twin cities of Hubli-Dharwad, where we conducted a matched-cohort study from 2010 to 2012, as our empirical case.
From intermittent to continuous water in Hubli-Dharwad
This section lays out the context of water services in our study site, in both its IWS and CWS zones. We combine data from government documents and non-government sources with our own primary data to portray the water supply conditions under which local residents access and manage their piped water.
Hubli-Dharwad is a mid-sized city in northern Karnataka. It has a population of 943,185, making it the second largest city in the state, after Bangalore (Census of India, 2011). In 2008, 10% of the residents were upgraded to receive CWS under a pilot program largely financed by the World Bank (WB) (World Bank, 2004) ; the rest of the city continued to receive piped water supplies intermittently (The Times of India, 2017). IWS requires a variety of coping activities, and specific strategies depend on the source, water quality, treatment, conveyance, contamination, access points and delivery methods accessible to the household. All these are moderated by household income. The five categories of coping behaviors identified by (Pattanayak et al., 2005) (collecting, pumping, treating, storing and purchasing water) are all common in IWS areas of Hubli-Dharwad, and are present to a lesser degree in CWS areas (Burt & Ray, 2014) .
Residents with piped water fall into three categories of access and storage (Woelfle-Erskine, 2012): 1) households that access water through a shared public tap (or ''standpipe"), 2) households with a private tap on their premises but no overhead storage tank, and 3) households with both a private tap and overhead storage on their premises. Above median wealth (AMW) households are more likely to have a private tap and overhead storage and less likely to use standpipes to access their water (see Table 1 ). Below median wealth (BMW) households are more likely to access water through an unauthorized connection (Burt & Ray, 2014) .
1 As a supplement to the piped water supply, electric and handpump-operated borewells 2 are found throughout Hubli-Dharwad.
Our household surveys in the IWS zones (details in Section 3 below) showed that the frequency of water deliveries varied among households and over time, but were generally once in three to five days (see Supplemental Information (SI) S1). These variations can be attributed in part to seasonality, and in part to investments that the utility made in the IWS network during the study period. Delivery frequency did not vary across wealth categories.
Hubli-Dharwad is not an uncommon case in urban India. Most urban water utilities in India are government-controlled; water tariffs are low, and utility budgets are heavily subsidized by the government (Saleth & Sastry, 2004; McKenzie & Ray, 2009) . This model of service provision focuses on keeping monthly water affordable for all households. At the same time, due to budget limitations, network expansion is slow, leakage rates are high, intermittency is the norm, and access remains limited for many lowincome neighborhoods, resulting in the near-universal adoption of so-called coping behaviors. Water users in many locations frequently become used to low-quality water service and its associated high coping costs.
Using Hubli-Dharwad as an example that they hope to replicate, the WB partially financed a pilot project to upgrade water services: the Karnataka Urban Water and Sanitation Improvement Project (KUWASIP). KUWASIP aimed to provide CWS to 10% of three cities in northern Karnataka: Hubli-Dharwad, Gulbarga and Belgaum. Indian cities are administratively divided into ''wards"; out of 67 wards within Hubli-Dharwad, eight were chosen for the demonstration project based on ease of hydraulic isolation within the piped water network. These wards cover a mix of low-, middleand high-income households, similar in proportion to the rest of Hubli-Dharwad (CMDR, 2006; Sangameswaran et al., 2008) . As part of the upgrade from infrequent IWS to CWS, all free public standpipes were removed and nearly all free public borewells were shut down. All household connections were registered with the local utility and put on an increasing block rate tariff structure on top of monthly fixed rate charges. Table 2 shows the tariff structure for CWS relative to IWS zones, arrived at after public protests and KUWASIP-organized meetings reduced the originally planned, even steeper, CWS rates (Burt & Ray, 2014) .
Sample selection & data collection
The data on household costs and benefits presented here were collected as part of a larger study evaluating the CWS demonstration project based on its health, water quality, water consumption, water storage and household economic impacts (Kumpel & Nelson, 2013; Ercümen et al., 2015; Kumpel et al., 2017; Burt & Ray, 2014) . Because KUWASIP covered only 10% of the city, we were able estimate the impact of the demonstration project through direct comparison of matched wards from within the same city. 1 An unauthorized connection is any connection to the piped water network that has not been officially registered with the utility. Most such connections at our study site were simply intentional holes hacked into the pipes. 2 A borewell is a well dug through a mechanical bore. They are usually deeper than hand-dug wells. Pumping mechanisms found in Hubli-Dharwad include mechanical handpumps and electrical motorized pumps. Handpumps operate entirely on human power, and may need considerable effort for operation. For the motorized pumps, the electricity is paid for by the Hubli-Dharwad Municipal Corporation.
Sample selection
We investigated the impact of CWS in the pilot project zones through the quasi-experimental approach of multivariate matching to allow unbiased comparison of the intermittent and continuous zones of Hubli-Dharwad. We used an evolutionary machine learning algorithm called genetic matching to select control (IWS) units that minimized the difference with treated (CWS) units across specified covariates (Sekhon, 2009; Diamond & Sekhon, 2013) . Quasi-experimental methods using propensity score matching have been used to evaluate water and sanitation interventions (Pattanayak, Poulos, Yang, & Patil, 2010) , but our study is the first instance of genetic matching being used to evaluate such an intervention. We chose eight control wards (from the 59 IWS wards) as pair-wise matches for the eight intervention wards, based on a 15,000 household survey conducted by the Center for MultiDisciplinary Development Research prior to the implementation of the CWS upgrade (CMDR, 2006) . The wards were matched on ward-level economic indicators (proportion of slum households, low-income households, material used to construct the house, houses with only one room), demographic indicators (proportion of illiterate females), water and sanitation conditions (presence of household tap and latrine, garbage disposal and collection, pre-CWS water delivery frequency) and health costs (preintervention monthly health expenditures).
Approximately 250 participants were systematically enrolled from each of eight intervention and eight control wards (n = 1969 in CWS zones, and n = 1953 in IWS zones). We selected the households by identifying a specific starting point (often a landmark such as a temple), assigning a different direction to each enumerator, and instructing them to approach the nearest household and then the next nearest household etc., enrolling any that met the eligibility criterion of having a child under the age of five, until the targeted number of households per ward was reached 3 .
Every house was geo-coded to enable ease of return in subsequent survey rounds. Post-survey comparisons of socio-economic status (SES) and access to water and sanitation infrastructure indicated an extremely close match between participants in CWS and selected IWS wards (see SI Table S3 ).
Data collection
We conducted four rounds of household surveys over 15 months (November 2010 -February 2012 . We prepared the survey instrument in English, translated it into Kannada, and piloted it iteratively to ensure that it reflected the specific ways in which people collected, stored, used, and paid for water in Hubli-Dharwad. We tracked all local sources of domestic water: piped surface water provided by the utility (the primary source evaluated in our study), piped borewell water provided through a neighborhood network, borewell water from a public tank, a handpump, or a private well, trucked water and bottled water.
Indicators of SES were not likely to change significantly for the majority of households over the course this study. As a verification step, however, we collected SES data, such as presence of rooftop water tanks or type of building material, for two survey rounds. As expected, these were largely stable. Stated income in surveys is often an incomplete proxy for household wealth; we therefore estimated a relative wealth score using a principal component analysis of observed housing materials and reported household assets (Vyas & Kumaranayake, 2006) . All participant households were categorized into wealth quintiles based on their score.
We collected monthly water bill data from the households. We asked to see their most recent bill, but if one was not produced, we recorded the most recent billed amount as reported by the household. 4 We also collected detailed information on any and all coping costs. Coping costs included expenditure of money or time in travelling to, waiting for, collecting, hauling, storing and possibly treating, water from any of the reported sources. We tracked frequency and duration of water supplies, and any household-level equipment used (e.g., pumps, storage containers, water filters). Although we collected detailed data on health incidence, medical expenses and time spent on account of illness or care-taking for an ill family member, we did not include these in our analysis. Reported cash expenditures and time spent were too small to lead to detectable changes between IWS and CWS households over the survey period.
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Monetary expenses on water included ongoing expenditures (such as borewell maintenance, utility bills or purchased water) and investments in either household-level infrastructure (such as overhead tanks or private borewells) or other durable equipment (such as water filters, buckets and barrels). The water bills in our study were official bills; they did not include any side payments for utility employees or frontline workers who read meters or turned water valves on and off in the IWS zones. Our investigations indicated that these payments existed but were small; previous research has shown that they are quite common in India (e.g. Connors, 2005) but also vary widely within one city (e.g. Hyun, Post, & Ray, 2018) . We collected data from all participating households on the size and materials of permanently installed household-level infrastructure to estimate investment costs. We collected data on meter installation from utility records, and averaged the total cost of new meter installation across all CWS households. Likewise, we collected information on all ongoing water-related expenses. As a cross-check against household reports, we also collected retail prices for a range of popular water filters, natural gas tanks (used for boiling), storage tanks (including installation costs), barrels, trucked water and bottled water, via a comprehensive local market survey.
We conducted detailed observations of household water storage containers in a subset of 707 households, chosen as a systematic sample (Table S4 ). In this survey we detailed the materials and dimensions of each and every water storage container in regular use in the household. These data were used to estimate the volumes and material substances of all small storage equipment; volumes and materials were converted to cost via price information collected in the local market survey. We averaged the costs for small storage equipment for each wealth quintile in IWS zones and each wealth quintile in CWS zones; we used this average value for all households within a wealth quintile that were directly observed to be practicing in-home storage.
We trained our field staff to conduct the household survey and container observations using the Open Data Kit (ODK) software, run on Android phones. The individual forms were downloaded onto a single designated computer at the end of each day of fieldwork, and aggregated into a single csv database using the ODK Aggregate software (Hartung et al., 2010) . We performed checks on the aggregated data on a daily basis. Once data collection was completed, we used R (R Core Team, 2012) and its Stargazer package (Hlavac, 2015) to analyze the data and produce all data tables and figures.
Household-level benefits
In this section we present our data analysis methods, with both simple parametric averages and econometric models, and our results, for household-level net benefits, distribution of benefits and water use after the CWS upgrade. Unless otherwise noted, the results reported below were estimated using data collected in Round 2 of our survey. 
Data analysis and model: net benefits, equity and water use
We conducted several different analyses in order to derive the many different ways in which households were impacted by the upgrade to CWS, as well as the variation in impacts across households. First, using our sampling frame to control for covariates, we present simple parametric averages for CWS and IWS households for our three central variables: (1) monthly ongoing expenditures of money, (2) the amortized value of durable investments and (3) expenditures of time.
7 Monthly expenditures included the monthly bill, but also any other regular expense related directly, or indirectly, to water use (as described in Section 2.2). Investments included durable items (any pieces of equipment or household-level infrastructure, as described in Section 2.2). Our amortization method included a discount rate of 12%, in line with the World Bank's NPV calculations for KUWASIP, and the estimated expected lifetimes for each item (for expected lifetimes see Table S5 ). Building on this, we constructed an econometric model with these three outcomes as the dependent variables, explicitly controlling for presence of CWS, household size and proxies of socioeconomic status (SES), such as our wealth score, materials used to construct the home, education level, and religion. For individual household i, expenditure of money (m i ), was a composite variable:
where, for i = 1. . .N, s i was the level of service (s i = 1 for CWS, 0 for IWS) and x i represented indicators of socio-economic status. The coefficient for s i represented the impact of the upgrade on CWS households against the reference of IWS households, where s i could be positive, negative or zero. The same model was applied to amortized value of investments (a i ) and expenditure of time (t i ).
To evaluate the distribution of benefits, we calculated perquintile simple averages as well as econometric models, with these same three outcomes/dependent variables, following the same process for these subsets as we did for the total sample. As a second measure of equity, we compared the average monthly water bill for each wealth quintile in IWS and CWS zones as a percentage of estimated household income.
Finally, to address the debate on whether IWS regimes encourage water waste because domestic chores are carried out under running taps and stored water is thrown away in favor of ''fresh" water, we calculated average monthly usage across our study households, over all four survey rounds, in CWS and IWS zones, for the full sample and for each wealth quintile. These data were necessarily partial, as they came only from households that both had a meter and showed our research team their most recent utility bill or reported their most recent bill amount.
Results: net benefits, equity and water use
Averaging the costs of water services across the full sample showed that the upgrade to CWS represented a near-doubling of monthly monetary expenditures (Table 3 ). This increase was almost entirely due to higher water bills (Fig. 1) . It is hard to say how much of the increase in bills was due to higher tariffs versus increased water usage, as we do not have data on meter coverage in CWS areas before CWS was implemented, and non-metered households would have paid a flat rate. A comparison of the average amortized investments in storage equipment showed that the upgrade represented a significant decrease in such investments (Table 3 ; Fig. 1 ). We found a difference of 22.5 h per month (on average) time savings among CWS households compared to IWS households (Table 3) ; most of the savings came from no longer needing to wait for water when deliveries came later than scheduled (Fig. 1) . 8 Overall, savings from amortized investments more than offset the increase in costs from the monthly ongoing expenditures. Summing ongoing expenditures and amortized investments, CWS households saved on average 69 per month in total monetary expenditures (see Table 3 ). All these results were robust and statistically significant under econometric modeling controlling for socio-economic factors, evidence that our study design had adequately controlled for confounding variables (Table 4) .
The results for average household savings in the full sample were robust across wealth quintiles; all quintiles saw increased monthly bills, decreased coping costs and substantial time savings. 9 The monthly ongoing expenditure and amortized investments were correlated with wealth categories; lower quintile households saw smaller decreases in coping costs and smaller increases in monthly expenditures (See SI S7 and S8). Time saved was not significantly different across wealth quintiles (Fig. 2) . These patterns were robust when controlling for indicators of SES, including household size, material of home construction, mother's education, religion, home ownership and wealth index score (see SI Tables S9-S11) (Fig. 3) . Turning to average utility bills as a percentage of reported income, we observed that lower-SES households paid a larger percentage of their income under CWS than higher SES households. The two lower wealth quintiles paid, on average, just over 3% of their reported household income in CWS zones. This is much larger than the equivalent in IWS areas where the lowest wealth quintile paid just over 1% of reported household income. The same metric in the highest wealth quintile did not have a statistically significant 6 In every case where data from only one survey round was used, robustness checks showed that the value of the outcome variables, and our results, remained unaffected whether we used one round of data or all data rounds. In order to keep our analysis and its explanation simple, therefore, we elected to use only Round 2 data for most of the household-level calculations presented here. The full set of data on socioeconomic variables (such as presence of a rooftop tank, or building materials of the house) was collected in Rounds 1 and 2; thus Round 2 offered a complete dataset for all variables.
7 Low-income households used water for bathing children, washing dishes, etc., directly from the tap or attached hose during the water delivery period itself (Kumpel, Woelfle-Erskine, Ray, & Nelson, 2017). We did not include this time in our calculations as it is time spent using water rather than waiting and collecting to cope with intermittency.
8 Delivery schedules within each ward were published weekly, and updated regularly, in the local newspapers at the time of our study. difference between CWS and IWS zones (Fig. 4) . Even if reported income is an unreliable metric, the same denominator was used for both CWS and IWS households within a given wealth quintile; therefore, the relative difference between IWS and CWS zones within a given wealth category should have been robust.
The water bill as a percentage of income (Fig. 4) did not account for the volumes of water consumed; if lower SES households were also relatively high consumers, then this might partially explain the higher fraction of their incomes going to water. Fig. 5 shows the estimated monthly water use of CWS and IWS households. Table S6 ). The above variables, a subset of the total set, represented categories that the political economy literature considers important proxies for SES. These included religion, assets, size of household and materials used to construct the home. All possible variables considered for inclusion in equation (1) were checked for collinearity. The variables included in Table 4 all had low measures of collinearity. The full models included variables that exhibited collinearity (Table S6) . Note: Results displayed are: estimated coefficient (standard errors in parentheses).
The sub-sample number for those with meters and current utility bills was smaller for IWS households, and also for households in the lowest wealth quintile; we note the number of households contributing to each quintile at the bottom of Fig. 5 . The pattern in our billed volume data is clear: there was a significant increase in monthly billed volume, across all wealth quintiles, in CWS households compared with IWS households. For the full sample, the billed volume in IWS areas was 34-79% of that in CWS areas. In both CWS and IWS regimes, the consumption of the two lower-wealth quintile households was significantly lower than that of the highest quintile.
Finally, private borewell usage in CWS areas was roughly half of what we observed in IWS areas, but there was a dramatic drop off in the use of (free) standpipes and borewells in CWS zones. This was due, at least in part, to the utility closing off many public sources in an effort to eliminate ''non-revenue water" (Fig. 6) . 
System-level net present value
In this section we present the data analysis and results for system-level net present value of costs and benefits. This incorporates both the household-level NPV of savings and the utility-level NPV of costs and benefits, calculated on a per-capita basis, of the upgrade from IWS to CWS. We draw from project documents for the utility-level analyses and from our own survey for the household-level analyses.
Finding accurate cost estimates for supply augmentation and demo implementation was difficult due to the inconsistent reporting of the WB and WSP documentation. One estimate of the total cost of the KUWASIP investment was reported in WB documents made public on their website (World Bank, 2004; World Bank, 2011) . In addition, we took some cost data and local population data from a report by the Water and Sanitation Program (WSP), a multi-donor partnership administered by the WB (Franceys & Jalakam, 2010) . The costs for KUWASIP consisted of several parts; we binned them in roughly the same three funding categories as the World Bank documents did: (1) to help strengthen the urban water sector in Karnataka, and administer KUWASIP (we call this 'capacity building'); (2) to augment the water supplies and increase the production efficiency of each city (or 'supply augmentation'); and (3) to implement the demonstration project itself, including investments in the distribution networks and the initial costs of operations and maintenance (or 'demo implementation') 10 .
In what follows, we ignored capacity building (with its total cost of US $ 3.94 million) and focused on the two larger cost components. In order to be transparent in the face of multiple official cost estimates and categories, we conducted separate cost-benefit analyses based on five different available cost totals, by source of citation and cost category inclusion. The first three costs were those stated in the WSP report (US$10.92 million), the cost-benefit analysis in the WB Project Appraisal (US$18.21), and the actual sum loaned by the World Bank (US $ 19.57 million); all three refer to the cost of demo implementation in all three cities (HubliDharwad, Belgaum and Gulbarga).
11 The last two measures included the cost of supply augmentation, taken from the WB Project Appraisal (US$5.97 million), and the actual sum loaned by the World Bank (US $ 27.63 million); the former for Hubli-Dharwad alone and the latter for all three cities (World Bank, 2004; p34-44) . We used the exchange rate adopted by the WB Project Appraisal ( 45.24/US $) (Franceys & Jalakam, 2010, p. 7; World Bank, 2004 ).
To estimate system-level costs, we added all direct costs observed at the household-level to the (five) estimates of projectlevel costs. We excluded monthly water bills as these are just a transfer within the system (a cost to households but a benefit to the utility). To keep our calculations tractable, we assumed that household-level costs would stay the same (in real terms) and we did not include costs (or benefits) external to households or the utility, such as impacts to the local ecosystem or to groundwater supplies outside of the municipal system.
Data analysis
In order to calculate the NPV of per capita costs and benefits at the utility-level (U pc l , where the l indicated which of the five utility level cost estimates were being calculated), we first calculated the NPV of benefits (B):
where b L was the expected annual benefit accruing to the utility in Hubli-Dharwad from leak reduction, b E was the expected annual benefit from process improvements leading to increased energy efficiency in Hubli-Dharwad, r was the discount rate, t was the year and T was the total number of years. In line with WB estimates, we used a 15-year time period (T = 15) and a discount rate of 12% (r = 0.12) (World Bank, 2004) . We took b L and b E from the WB Project Appraisal, where they were assumed to be constant over the time period and were a result of supply augmentation investments (World Bank, 2004) .
To calculate U pc l we used the following equations:
where C D was one of the three cost totals attributed to the demo implementation (US$10.92, US$18.21 or US$ 19.57 million), C S was the total cost of supply augmentation in all three cities (US $27.63 million), 12 P DZ 1 was the population of the demo zone in
Hubli-Dharwad, P DZ 3 was the population of the demo zones in all three cities, P 1 was the population of Hubli-Dharwad, and P 3 was the population of all three cities. For l = 1-3, only the costs of demo implementation were considered and Eq. (3) was used. For l = 4, the costs and benefits of supply augmentation were added to the costs of demo implementation, and attributed to the total population of the cities, as indicated in Eq. (4). For l = 5, the same costs and benefits were considered as in Eq. (4), but they were attributed to the population of the demo zones only, as indicated in Eq. (5). For each NPV calculation, the costs and benefits were assumed to be equal per capita from the perspective of the utility.
For the household level, we calculated the NPVs of costs and benefits for our three composite variables. For the total ongoing monthly expenditure for each household (m i ):
We calculated the average m i for each household by summing all m ijk across all data collection rounds (j) and all expenditure types (k), and dividing by the number of rounds of data collected from the i th household (J i ). In most cases J i = 4. We assumed these expenditures to be constant from year to year, and calculated NPV of m i (M i ):
where, as in Eq. (2), T = 15 years and r = 0.12. For all household durable investments, we first calculated the average amount invested for each type of investment at the household level (a ik ):
where i, j, and J have the same definitions as in eq. 3, and k here referred to investment types. For the NPV of a i (A i ),
where, as before, r = 0.12; T k was the expected useful life of item k (with k referring to a given investment type; see SI Table S5 ). We assumed that each investment was half-way through its useful life (T k ) at the time of our survey, and would be replaced at the end of it. To estimate a system-level NPV of costs and benefits with a single unit of measurement, we needed to monetize the value of time. We used the reported income data from our survey as the basis for approximating the hourly (market) value of time spent on water-related chores. We monetized the value of an hour of time spent waiting for, collecting and treating water at 50% of the reported hourly earnings, following (Pattanayak et al., 2005) . Starting with the reported total household income, we divided the monthly income across all (paid) working adults within each household. For each wealth quintile, we calculated the average monthly earning per worker. We converted these estimates into hourly earnings by assuming a 40-h work week and 52 weeks of work, and, finally, we multiplied the per-quintile estimates by 0.5.
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For the total time expenditure used each month on waiting for, collecting and treating water for each household (h i ):
where h ijk was each type of time expenditure, across all data collection rounds (j) and all expenditure types (k). As before, in most cases J i = 4. Using the resulting order-of-magnitude estimates for the hourly value of time for each wealth quintile, we converted time expenditures per month (h i ) to rupees per month (r i ), for each household in our sample. We assumed these time expenditures to be constant from year to year, and calculated the NPV of r i (R i ):
We estimated the total NPV of all three cost categories for each household (T i ), and divided by household size (H i ), to get NPV of costs per capita for each household (T pc i ):
We then calculated the average NPV of savings due to the pilot project in each wealth quintile (S pc w ):
where V IWS and V CWS were the number of households receiving intermittent and continuous water supply, respectively, in that wealth quintile.
To estimate system-level NPV of costs and benefits for each estimate of utility cost for each wealth quintile, (SYS 
Results
The results of our system-level analysis of the per capita NPV of the costs and benefits for the full sample and for each wealth quintile (SYS pc l;w for l = 1. . .5 and w = 1. . .5) were shown in Table 5. Table 5 also shows the NPV of savings at the household level and the NPV of costs and benefits at the utility level, to clarify how each contributes to the results. We found that if (i) the cost of supply augmentation is included and attributed to the demo implementation alone; (ii) the full cost of the upgrade is recovered over 15 years from user charges; and (iii) these charges are equally allocated per capita, then the NPV of costs and benefits at the systemlevel, and for four of five wealth quintiles, is negative. If, however, the cost of new supplies is divided over the entire population of the three pilot cities -those with CWS and IWS -then the systemlevel NPV for the top two quintiles becomes positive. The assumed value of time significantly influenced these results; to see a sensitivity analysis with time valued at 25% rather than 50% of the average within-quintile wage, see SI Table S13-S14.
Discussion and conclusion
KUWASIP was an ambitious pilot program. It broke new ground for urban water provision in India despite heated controversy. From our $4000 household study comparing CWS to IWS zones, it appears that most CWS households have experienced a net economic benefit from KUWASIP's operations and rate structure in Hubli-Dharwad. This benefit is largely due to time savings relative to IWS households; the time savings were not correlated with SES. The decoupling of time savings from SES, while initially surprising, 13 A simpler option would have been to value one hour of time at 25% of the average wage (as in Kremer et al. 2009 ). This would have given the same hourly ''wage" across all wealth quintiles. Our method acknowledges the earnings differences across quintiles, though the incomes reported are likely to be underestimates.
14 We knew how many members were in each household from our survey data.
could be because almost all households, regardless of SES, collect drinking water directly from the tap, while the overhead systems in many wealthier households passively collect non-drinking water. Alternatively, it could be because low-income households often share taps (Kumpel et al., 2017) ; they may have wished to collect more water, but could not, in their limited time. We found savings on account of lower investment costs across wealth quintiles, and these were correlated with SES. In the lower quintiles the savings were nearly offset by the increased monthly water bill; in the two highest quintiles the net savings were significant. Looking at current costs and benefits from the perspective of the households, we might conclude that utilities should, whenever possible, upgrade to CWS. No urban piped water system is actually designed for IWS (Galaitsi et al., 2016) ; upgrading to CWS may therefore seem an uncontroversial goal.
Our analysis does not find fault with any of KUWASIP's successes; it does, however highlight current and future challenges. We find that the impacts of upgrading to CWS go beyond the initial capital investment costs or subsequent ongoing costs; the sustainability of water resources and the equity of water access can and do shift with this service upgrade. Based on our findings, we would argue that any large-scale water system upgrade must take into account potential trade-offs amongst the equity of benefits, the affordability of water, and the maintenance of, or improvement towards, the sustainability of supplies.
Our work indicates that if the burden of full cost recovery falls on the users, and is equally allocated over the relevant population of users, then the net benefits of the project would be unevenly distributed across socio-economic strata. With the exception of the lowest of our five project cost estimates, the households in the lower three wealth quintiles would have had negative NPV from the project. Moreover, our estimates for the overall project-level NPV are positive only if the cost of bringing in new supplies is not included; yet the project would likely not have been possible without supply augmentation. Therefore, the planned scale-up of CWS beyond the demonstration zones is not assured; scaling up CWS will be especially challenging given that consumption in the CWS zones appears to have gone up (see Fig. 5 ). If capacity or capital constraints prevent scaling CWS up to the entire city, then the upgrade cannot be seen as equitable.
We note that our system-level NPV calculations were sensitive to the assumed value of waiting times. How (or even whether) to monetize time is an ongoing debate in development studies, though unpaid time clearly has an opportunity cost. Different scholars have taken different approaches to monetization; examples include choice of water source as a proxy for the value of time (Whittington et al., 1989) ; (Kremer, Leino, Miguel, & Zwane, 2009 ), or valuing time at a fraction of the going wage (Pattanayak et al., 2005) , or valuing time by the replacement cost of the service or product of that time (Reid, 1934) , cited in (Eisner, 1996) . No one in our sample dedicated their full attention to waiting for water; they performed other chores while waiting. But while people (usually women) wait, they are limited in their actions, and constrained to stay near the home. They may miss important social and family events or be late for paid work. We followed the procedure used by (Pattanayak et al., 2005) and valued an hour spent waiting for water at less than the full hourly wage, but we adjusted the 'wage' to reflect earnings differentials by wealth quintile. Our method, therefore, assigns a higher market value to an hour of unpaid labor at the upper-income bracket than to that same hour at a lower one.
This project was in part justified by the hypothetical benefits it would bring to low-income households; we find that low-SES households did benefit under the current rate structure, but less than higher-SES households. The distribution of benefits was strongly correlated with SES; the lowest wealth quintile saved roughly one-fifth of the amount saved by the highest wealth quintile on monthly amortized investments. Likewise, water consumption, which increased in all quintiles, was strongly correlated with wealth, while the water bills as a percentage of reported income were negatively correlated with wealth. All of this indicates that while proponents claimed that this pilot ''. . .revolutionizes service to the poor" (Franceys & Jalakam, 2010) , it may have exacerbated social inequity to some extent.
From the equity and affordability perspective, it should give pause that the largest tariff increase, in terms of the proportion of (reported) income, was felt by those least able to shoulder the increase. 15 There is no accepted definition of what is ''affordable" and no widely acknowledged guideline for the percentage of household income that should be allocated to the water bill. Affordability studies recommend no more than 3% to 6% of household income for water and sanitation (Amrose, Burt, & Ray, 2015) ; the US Environmental Protection Agency considers water costs above 2% of income to be unaffordable (Glaze & Stavins, 2002) . Although hovering around 3% of income for the lowest wealth quintiles in the CWS zones, this distribution of costs increases the risk that some house- holds will, at least sometimes, find the new tariffs unaffordable. An early critique of KUWASIP was that increased prices in the wake of CWS would be a barrier to access for low-income customers, and that unpaid bills would eventually lead to disconnection (Burt & Ray, 2014) . So far, this has not been the case, but if drinking water access is a human right (UN Human Rights Council, 2010), then protecting access may require more than adopting threshold affordability criteria. In Hubli-Dharwad, continued access to free public borewells and standpipes would have been a protective, pro-poor measure (see also (Connors, 2005) ). Public water sources were, in fact, largely de-commissioned in the CWS wards. This policy represents a change in water security: free public borewells are backup sources when pipes fail, whether through utility disconnection or insufficient supplies. About half of the households with continuous supply in our study reported at least one interruption in water service during the 15-month study period; of these, 42% lasted 1-6 h. Furthermore, those households who had access to private borewells continued to use them despite access to CWS, albeit at lower rates than in IWS zones, indicating that such sources held value for households in Hubli-Dharwad.
Closing the borewells did not just shift water access, it shifted the resilience of the water system as well. Shutting off free public sources in a bid to maximize cost-recovery could make the poorest households more vulnerable. If, in the future, low income households find KUWASIP's new water charges unaffordable, and no longer have recourse to a free back-up source, they may resort to behaviors commonly practiced in the past; they could hack into pipes and create new informal connections of their own making (Burt & Ray, 2014) . This would, in turn, have a negative impact on many of the system-level benefits of the pilot project, including the NPV, reduced leakage, and reduced non-revenue water. Furthermore, diversification of sources is one of the hallmarks of more resilient water systems, especially for a city where municipal supplies are constrained.
The WSP has stated that converting to CWS saved on water resources by reducing wasted water in the household and repairing leaks in the piped network (Franceys & Jalakam, 2010) . The claim that households waste water by letting taps run unattended, or discarding remaining stored water when new water is delivered, was not upheld by previous research (Kumpel et al., 2017) . Our work found consistent increases in billed volumes in CWS zones compared to IWS areas. This is perhaps not surprising because continuous access to water at the tap is very convenient. CWS proponents, however, had argued that consumption would actually fall, and official appraisals continue to claim (without showing data) that ''People tended to conserve water when they were sure of reliable supply" (World Bank, 2013) .
The World Bank reports that ''technical losses" (i.e., leakages in the pipe network) in KUWASIP-managed CWS zones averaged 7% 16 (World Bank, 2013; p 8) ; if households are not, to any appreciable extent, discarding old water or letting taps run, then leakage in IWS zones would have had to be 27-73% (20-66% saved due to the upgrade + 7% leakage in CWS zones) to balance the billed volume increases that we observed. Leakage rates in previously IWS zones are not known but the WB estimates that they were ''about 50%"; in a benchmarking exercise, the average leakage across 28 Indian cities was 44.1% (World Bank, 2004) . This suggests that, three years into the CWS upgrade, there were at most 17%, and possibly no, net savings of water resources.
Without new supplies, whether or not a CWS upgrade can be sustained will clearly depend on the local balance between reductions in non-revenue water and increased demand due to increased access under CWS. The World Bank Project Appraisal document has argued that both CWS and IWS zones in the three pilot cities benefitted from supply augmentation, and therefore these investments costs should not be applied to the demo-zone cost-benefit analysis. Our results do not support this argument.
We argue that most, if not all, of the supply augmentation costs should be attributed directly to the demonstration project. This is because (i) the CWS upgrade appears to have caused an increase in water consumption, beyond the water savings from repairing leaks; (ii) our CMDR colleagues report that many of the intermittent zones, as of this writing, have reverted to a delivery frequency of once a week or less, and this suggests that most of the new supplies are not flowing to the IWS wards; and (iii) our research team's previous work indicates that current planned water system capacity, going forward, may not support scale 24 Â 7 up to the rest of Hubli-Dharwad (Jayaramu et al., 2015) .
The analysis thus far does not account for any increase in demand going forward. If water consumption patterns observed in the CWS zones are replicated throughout the city after scaleup, then the installed supply capacity will be quickly overwhelmed (Jayaramu et al., 2015) . Scale-up may not be successful without further investments in supply augmentation, in which case the positive net benefits observed in the pilot may not be sustained. A partial service upgrade that provides benefits today is not favorable if the benefits are not maintained, nor equitable if it is not scaled to the entire city. We conclude that if CWS is not scaled up to the rest of Hubli-Dharwad, either on account of capacity constraints or capital constraints, then positive net benefits of the current pilot cannot justify the city-wide project, and the upgrade may come to be seen as highly inequitable. Furthermore, as most Indian cities do, Hubli-Dharwad is expanding beyond its current boundaries into what are now its un-piped, un-sewered, peri-urban areas. Continuous piped water to some parts of the city, if new supplies are unavailable or unaffordable, may undermine the prospects for even intermittent piped water to such areas. All these caveats must moderate our findings on the success of continuous supply within the confines of the demonstration zones.
Continuous piped water service is a boon for those who enjoy its benefits, and there are good reasons for why it is the internationally accepted benchmark for water utilities. We are in no way arguing against it. We are, instead, advocating that its viability be evaluated case-by-case, based on four criteria that are central concerns in the public policy debate in India, and that are likely to be of concern for utilities in many low-and middle-income countries: net benefits, equity, affordability and sustainability. Our study reveals some of the basic policy trade-offs regarding urban water provision that will be at the heart of future upgrades in any resource-constrained country. Our research design results can help water resource managers, urban planners and development financiers to decide whether or not a CWS upgrade program meets all of their needs as well as the needs of all.
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